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Corms ofHypoxis species are heavily traded for use in traditional medicine in southern Africa. High demand has increased unsustainable harvesting
from the wild, diminishing natural populations. Micropropagation of Hypoxis colchicifolia was investigated as a means of mass producing plants for
both commercialization and re-establishment in the wild. Various plant organs were tested as explant sources and decontamination optimized for each
explant type. Seeds failed to germinate in vitro, and inﬂorescence peduncles, leaves (young and mature) turned brown and did not respond in culture.
Only 6% of corm explants produced callus and shoots. Flower buds responded best, with multiple shoots initiated from explants either directly from
meristemoids or indirectly via callus. The problem of browning due to phenolic exudation was solved by including polyvinylpyrrolidone (PVP) in
the culture mediumwhen required. Common pathogens were partially controlled by washing affected explants in benomyl solutions. Rooting and corm
induction were successful, and plantlets could be stored at low temperature (10 °C) prior to acclimatization with no adverse effects. In planting trials
with 5-month-old and 21-month-old plants regenerated using the improved protocols, ﬂowering percentage, corm and leaf size were increased signif-
icantly in plants grown in pots compared to those grown in the ﬁeld over a 28 month period.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.
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In southern Africa, traditional medicines prepared from
Hypoxis plants (Family Hypoxidaceae) are variously used as
tonics, purgatives and diuretics, or to treat infertility, inflamma-
tion, prostate gland disorders, wounds and burns. Not as well
documented is their widespread use in traditional veterinary med-
icine to treat gall-sickness, infertility, heart-water, sores and
cracked hooves of livestock (Van der Merwe, 2000; Watt and
Breyer-Brandwijk, 1962). While eleven species of the genus
Hypoxis are used for traditional purposes throughout southern
Africa, as summarised by Appleton (2004), surveys of the most
popular medicinal plants traded in South Africa have identified
only two species,H. hemerocallidea and H. colchicifolia, as rou-
tinely sold at medicinal plant markets in eastern KwaZulu-Natal⁎ Corresponding author. Tel.: +27 33 260 5130; fax: +27 33 260 5897.
E-mail address: rcpgd@ukzn.ac.za (J. Van Staden).
0254-6299/$ -see front matter © 2012 SAAB. Published by Elsevier B.V. All rights
doi:10.1016/j.sajb.2012.02.003(Cunningham, 1988; Von Ahlefeldt et al., 2003) or via mail-
order from herbal traders in the Gauteng Province (Williams,
1992). Surveys conducted in the Eastern Cape Province have
also shown H. hemerocallidea to not only be the most frequently
traded medicinal plant (Dold and Cocks, 2002), but also, together
withH. colchicifolia, they rank among the four plant species most
sought after for use in the traditional treatment of diabetes
(Mahop and Mayet, 2007).
Traditional African medicine has contributed significantly to
the commercial status of the genus. Compounds of value found
in the corms of the most studied species,H. hemerocallidea, pop-
ularly known as the ‘African Potato’, are the normal phytosterols,
in particular beta-sitosterol and its glycoside, and the phenolic
glycoside, hypoxoside. Therapeutic products developed from
dried corm powder contain standardised amounts of phytosterols
and sitosterolins specifically formulated to either treat benign
prostatic hypertrophy (Pegel, 1984) or modulate the human
immune system (Bouic et al., 1996; Drewes et al., 2006;reserved.
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hypoxoside might be effective as an oral, non-toxic pro-drug in
the treatment of inflammation, HIV-infection and cancer therapy
as it is readily converted to the more active anti-cancer compound
rooperol. Claims such as these resulted in the development of a
range of Hypoxis extracts, tinctures and creams for the popular
herbal industry in South Africa. To meet this new demand a
single manufacturer is known to produce several tons of ‘Impilo
African Potato’ per month (Drewes et al., 2006). Other studies
to determine the efficacy of several medicinal plants used in tra-
ditional remedies have shown H. colchicifolia (= H. latifolia) to
be amongst four of the plants tested to exhibit the best antibacter-
ial activity (Buwa and Van Staden, 2006), while extracts of
H. colchicifolia leaves displayed the best anthelmintic, antibac-
terial and antifungal activity (Aremu et al., 2010).
Kruger et al. (1994) also emphasised the importance of select-
ing the correct Hypoxis species for possible therapeutic applica-
tion when H. colchicifolia corm extracts were shown to contain
a higher proportion of rooperol than those of H. hemerocallidea.
A serious constraint encountered during the development of
plant-derived drugs, however, is the difficulty to source sufficient
correctly identified plants for evaluation. To address this need
and clarify the nomenclature ofHypoxis a list of African Hypoxis
species with their accepted names has been presented and
includes H. hemerocallidea and H. colchicifolia (Singh, 2006).
The validly published names H. rooperii and H. latifolia,
among others, however, have been reduced to synonyms of
H. hemerocallidea and H. colchicifolia respectively (Burtt,
1986; Singh, 2007).
Hypoxis plants are generally not cultivated due to the percep-
tion that they are naturally abundant, a viewpoint shown to be
invalid for traditionally high usage areas in the province of
KwaZulu-Natal where popular species such asH. hemerocallidea
may be locally extinct (Scott-Shaw, 1999). Wild Hypoxis plants
are, therefore, destructively harvested to meet demand. The
pressure of collection on the natural populations of Hypoxis is
not easily quantified, however, since few ecological or market
studies have been undertaken. Geophytes are also poor indicators
of demand and supply as their underground organs are totally
removed during harvesting leaving no trace of previous plant
density. This was confirmed in a study which showed that within
seven months of commencement all available H. hemerocallidea
andH. colchicifolia plants had been removed from the traditional
collecting sites monitored (Naidoo, 1998). In addition, data
gathered on the density ofH. hemerocallidea andH. colchicifolia
plants in their natural habitats showed that human activities such
as manual grass cutting and partial management of open spaces,
and the grassland management practices of mowing and burning
resulted in a 75% reduction in plant density of these species.
Mature H. colchicifolia plants were also totally destroyed in
frequently mown and burnt areas and those undergoing urban
development (Appleton, 2004). With respect to early market
surveys, high sales figures forH. hemerocallidea andH. colchici-
folia corms were recorded at the time. It was calculated that
approximately 31,300 corms of each species were sold annually
from only 54 outlets in Durban (Cunningham, 1988), while
11,000 kg of H. hemerocallidea corms were sold in the EasternCape Province (Dold and Cocks, 2002). These figures support
the argument that Hypoxis plants are harvested unsustainably
from natural habitats and should be cultivated to ensure their
survival, conserve natural populations and supply various
industries.
Translocation of rescued plants has been suggested as a means
to both save and propagate Hypoxis. While plants of several
Hypoxis species were successfully relocated from a condemned
area to new sites, seed collected from H. acuminata plants there-
after failed to germinate (Kroon, 1999). Natural regeneration is
reliant on germination from viable seed and would be essential
for translocation to succeed as Hypoxis plants rarely multiply
vegetatively. Natural seedling recruitment, however, was found
to be insufficient to sustain wild populations of either H. hemer-
ocallidea or H. colchicifolia when subjected to the pressures of
collection (Naidoo, 1998; Nomtshongwana, 1995). Although
H. hemerocallidea seedlings have been obtained (Gillmer and
Symmonds, 1999), propagation of sufficient plants from seed to
meet demand has proven difficult due to their deep dormancy,
inconsistent germination, and variable viability both within a
season (Hammerton et al., 1989) or seasonally from year to
year (Nomtshongwana, 1995).
Micropropagation was, therefore, examined as an alternative
method to propagate Hypoxis. Initially, techniques to produce
H. hemerocallidea (= H. rooperii) plants in vitro from corms
and flower buds were developed (Page and Van Staden, 1984,
1986). All the H. hemerocallidea plants used in an extensive
field trial thereafter (McAlister and Van Staden, 1995) were
produced in vitro as per Page and Van Staden (1984) and
Van Staden and Bayley (1988). The establishment of these
mature cloned plants in cultivation clearly demonstrated that
H. hemerocallidea plants can be successfully propagated
in vitro for agricultural and conservation purposes. OtherHypoxis
species have responded differently to in vitro culture, however,
particularly with respect to plant growth regulator requirements.
This was demonstratedwhen cultures ofH. obtusawere obtained,
but explants ofH. nyasica andH. angustifolia failed to regenerate
under the same conditions (Vinesi et al., 1990). To address the
need for a standard in vitro protocol suitable for the mass propa-
gation of all the medicinal species of Hypoxis, the original
techniques reported for H. hemerocallidea (Page and Van
Staden, 1984, 1986) were modified by introducing distinct
sequential steps into the procedure (Appleton and Van Staden,
1995a). Continuous plantlet regeneration was obtained for
H. hemerocallidea, H. acuminata, H. rigidula and H. obtusa
using the amended protocol. The primary corm explants of
H. colchicifolia responded poorly to in vitro culture, however,
due to the negative and toxic effects of browning and internal
pathogens. Although slight differences in plant growth regulator
requirements were again reported, the stepwise in vitro protocol
was also successful in the regeneration of plantlets of the
non-medicinal species, H. angustifolia var. angustifolia, via
both direct and indirect organogenesis (Appleton and Van
Staden, 1995b). Similar results to the above were obtained
while developing in vitro protocols for H. hemerocallidea
landrace Gaza from Mozambique (Ndong et al., 2006). It
should be noted, however, that H. rooperii is a synonym of
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regeneration of this species from South Africa, either by direct
multiple shoot formation or via shoot organogenesis from cal-
lus, has been reported previously by Page (1984) and Page and
Van Staden (1984, 1986).
It is apparent from the foregoing that, of all the medicinally
important Hypoxis species, H. hemerocallidea and H. colchicifo-
lia are the most heavily traded and utilised in South Africa.
Significant research has been carried out on H. hemerocallidea,
but little has been published on H. colchicifolia, particularly
with respect to propagation. H. colchicifolia plants are distinct
within the genus, being very robust with large perennial corms
measuring up to 100 mm in diameter and 143 mm in length,
and weighing up to 708 g at maturity (Appleton, 2004). Their
ribbed, glabrous leaves, produced annually, overlap to form a
funnel and, in mature plants, can measure up to 137 mm and
960 mm in width and length, respectively. Morphologically,
the plants also have distinct juvenile and mature forms
(Appleton, 2004). Importantly,H. colchicifolia has a very limited
distribution range, occurring in areas within KwaZulu-Natal and
the Eastern Cape Province only (Singh, 2009). It is also apparent
from the above that widespread harvesting and land man-
agement practices impact negatively on the sustainability of
natural H. colchicifolia populations. This high value medicinal
resource, therefore, requires careful management and active
protection to ensure its survival. The intention of this study
was, therefore, to further investigate in vitro culture as a means
to mass produce H. colchicifolia plants for cultivation. Thus,
the study aimed to use the generalised stepwise micropropagation
protocol developed for Hypoxis species (Appleton and Van
Staden, 1995a) to re-examine corms and evaluate other plant
organs as viable explant material, develop a viable culture
and determine the suitability of the plants regenerated for
cultivation.2. Materials and methods
2.1. Plant material
Mature H. colchicifolia Baker plants, collected from tracts of
grassland scheduled for suburban housing development in
Hayfields, Pietermaritzburg, were collected, cleaned and main-
tained in pots under 10% shade for six months until required
for explant material to initiate an in vitro culture. The best explant
source was determined by aseptically placing onto culture media,
segments of corms, leaves, inflorescence peduncles and flower
buds removed from these plants and trimmed. Corms were
harvested throughout the year while other plant organs were
collected after the dormant winter period. Young, emerging,
meristematic leaves approximately 40 mm in length were collect-
ed in spring (October). Mature leaves cut into 40-mm segments,
inflorescence peduncles approximately 30 mm in length and
unopened flower buds approximately 10 mm long were collected
in summer (December), and seeds in late summer (March). The
viable seeds or “sinkers” were separated from the non-viable
“floaters” in water and retained.2.2. Decontamination procedures and explant preparation
The basic decontamination procedures used by Page (1984)
and Page and Van Staden (1984, 1986) to obtain aseptic
H. hemerocallidea explants were initially followed to decon-
taminate all the H. colchicifolia explant material. An ethanol
dip was routinely used to promote penetration of the major disin-
fectants tested, i.e. mercuric chloride and sodium hypochlorite.
The concentration of both the ethanol dip and disinfectants, as
well as the explant immersion times, was monitored for every
decontamination procedure done and modified according to the
contamination present and tolerance levels of the explants used.
All explants were placed onto an incubation MS basal medium
(Murashige and Skoog, 1962) without plant growth regulators
(PGRs) to determine whether the disinfectants and procedures
used were adequate and to eliminate those infected with endoge-
nous pathogens. The most successful decontamination procedure
developed for each explant type was used routinely thereafter to
obtain aseptic explants for this study (Table 1).
With the exception of the viable seeds, which were placed
singly onto the incubation medium, the decontaminated explants
were trimmed and cut into smaller primary explants after the final
rinse of step 9 of the decontamination procedures (Table 1). The
young and mature leaves were cut into 10 mm2 primary explants
and the inflorescence peduncles into 10-mm lengths. The
unopened flower buds were cut in half transversely just below
the perianth segments to remove the anthers and pollen cleanly
prior to placement on basal medium. Due to their large size,
corms were thoroughly washed immediately after harvesting
and all roots and necrotic tissue removed. Cleaned corms were
then cut into 10-mm thick slices which were decontaminated as
outlined in Table 1. After step 9, necrotic tissue was trimmed
off the corm slices and 8 mm3 explants removed from the cam-
bial region for placement onto the incubation medium.
2.3. Environmental conditions in growth rooms
All cultures were maintained in growth rooms with a standard
temperature of 25±2 °C and light intensity of 50 μmol m−2 s−1
produced by cool-white fluorescent light tubes. The light regimes
investigated were a 16 h photoperiod, continuous light or contin-
uous dark.
2.4. Preparation of the basal culture medium
The revised macro- and micro-nutrient basal medium (MS) of
Murashige and Skoog (1962) supplemented with 30 g l−1 su-
crose and 0.1 g l−1 myo-inositol, and solidified with 10 g l−1
agar at a pH of 5.8, were used routinely. The pH was adjusted
with NaOH or HCl. When a clear gel was required, Gelrite®
was used at 3 g l−1. If required, other additives such as polyvinyl-
pyrrolidone (PVP) and activated charcoal were added to the MS
medium prior to adjusting the pH.
The optimum MS medium for seed germination was deter-
mined using full- or half-strength MS basal medium without
PGRs. The effect of sugar on contamination was tested concur-
rently by omitting sucrose and myo-inositol from the media.
Table 1
The decontamination procedures which were used in the preparation of the primary explants of young and mature leaves, inflorescence peduncles, unopened flower
buds, viable seeds and corms of H. colchicifolia.
Decontamination procedures Immersion time (min)
Explant type
Step Washing solutions Conc. (%) Leaves Inﬂorescence peduncles Flower buds Viable seeds Corm slices
1 Running tap water 15 30 30 30 180
2 Benomyl+2 drops Tween 20 (100 ml−1) 0.2 15 5 5 5 30
3 Sterile distilled water 2×5 2×5 2×5 2×5 2×5
4 Ethanol 70
80
85
95
0.5 2 2 1 4
5 Benomyl+2 drops Tween 20 (100 ml−1) 0.2 30
6 Sterile distilled water 2×5
7 Sodium hypochlorite+2 drops Tween 20 (100 ml−1) 1
3.5
20 10
8 Mercuric chloride+2 drops Tween 20 (100 ml−1) 0.1
0.2
2 2 10
9 Sterile distilled water 3×10 3×10 3×10 3×10 3×10
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2.5. Determination of plant growth regulator requirements
Once successful decontamination procedures had been
determined (Table 1), the optimum MS basal media and PGRs
(cytokinin:auxin ratios) required to induce organogenesis, callus,
multiple shoots and roots on the various explants were estab-
lished using grid trials. The effect of the factorial combinations
of the cytokinins, 6-benzylaminopurine (BA) or kinetin (K),
and the auxin, 1-napthaleneacetic acid (NAA) in the MS basal
medium was examined for each explant. The effect of 0, 1, 2, 3
and 5 mg l−1 BA (or K) was tested either alone or in combination
with 0.5 or 1 mg l−1 NAA. Ten tubes or bottles of medium were
prepared for each combination of PGRs tested, unless stated to
the contrary. The ideal photoperiod was determined by repeating
each set of treatments under different light regimes.
2.6. Control of browning, hyperhydricity and contamination
Once the optimum combinations of PGRswere established for
each explant, activated charcoal (10 g l−1) was added to the
medium to adsorb phenolics and toxic compounds if necessary,
thereby preventing in vitro browning. Charcoal was also added
to rooting media to adsorb residual cytokinins and root-
inhibiting agents.
The anti-oxidants, ascorbic and citric acid, have repeatedly
been used to alleviate browning. Ascorbic acid (100 mg l−1)
and citric acid (150 mg l−1) were, therefore, also added to the
MS multiplication medium for corm explants (supplemented
with 2 mg l−1 BA only) to determine their effect on browning
and the regenerative capability of the meristemoidal corm tissue
used.
Contamination of in vitro cultures which are subject to
browning is also a common problem. Benomyl (Benlate™), a
broad spectrum fungicide, was therefore examined as a meansto control fungal contaminants in the multiplication medium.
Benomyl (2 g l−1) was added to the MS medium, supplemented
with 2 mg l−1 BA only, either before autoclaving as a control or
afterwards under aseptic conditions. However, because benomyl
loses its effectiveness rapidly and could become toxic in the MS
basal medium, an alternative method was investigated in which a
0.2% benomyl solution was used as a fungicidal wash during
subculturing. After washing, the secondary explant material was
blotted to remove excess solution and the shoot bases flamed
dry using an alcohol burner before transfer to fresh medium.
Polyvinylpyrrolidone (PVP), a high molecular weight (MW±
700,000), water soluble polymer, is also frequently added to basal
media to control both browning and hyperhydricity, another com-
mon problem in tissue culture (Pierik, 1987). The effect of PVP
on the brown hyperhydric callus obtained from H. colchicifolia
flower buds was, therefore, determined in a grid trial by supple-
menting the MS basal medium with a factorial combination of
0 and 0.5 mg l−1 BA and 0, 0.5% and 1% PVP. Similarly, the
optimum quantity of PVP required to control browning and
hyperhydricity of meristemoidal corm explant tissue was deter-
mined in a factorial grid in which the multiplication medium
was supplemented with 0 and 2 mg l−1 BA and 0, 1 and 2%PVP.
2.7. Acclimatization of regenerated plantlets
Only individual regenerated H. colchicifolia plantlets with
leaves, a single corm and well developed roots were considered
ready for pricking out and subsequent acclimatization. The accli-
matization procedure involved strengthening the regenerated
plantlets by gradually exposing them to conditions of increasing
light intensity and decreasing humidity. This included opening
the culture bottles in the growth room to expose the rooted plant-
lets to the atmosphere under lights for 3 to 5 days. The plantlets
were then removed from the culture vessels and all agar washed
off the roots in water. The roots of the plantlets were then im-
mersed in a 0.2% benomyl solution for 30 min, care being
taken to not wet the leaves. The plantlets were then placed upright
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while their corms and leaves were kept dry. These were left
under an incandescent light source for 5 to 7 days. The distilled
water was replenished when necessary.
When the corms became firm and the leaves more rigid, the
plantlets were transplanted to 75-mm diameter plastic pots con-
taining a potting medium of pre-enriched bark (Gromor®) and
river sand (2:1, v:v) and transferred to a greenhouse with an
average maximum temperature of between 27 °C and 30 °C.
To acclimatize to ambient temperature and humidity conditions
the plantlets were initially placed under plastic sheeting and
watered daily. Leaves were kept dry during watering. After 8 to
12 weeks the hardened plants were transferred to a 10% shade-
house. Plants were watered when necessary and transferred to
125-mm diameter plastic pots after 6 months. This procedure
was followed for all regenerated H. colchicifolia plantlets, unless
stated to the contrary.
2.8. Direct marketing
To determine whether plantlets could survive cold storage,
120 rooted plantlets were prepared for acclimatization. When
ready for potting, 30 control plantlets were immediately planted
out into 125-mm diameter plastic pots and placed under a plastic
cover in the greenhouse. The remaining 90 plantlets were placed
upright in self-sealing plastic packets (100×150 mm), 5 per
packet. The packets were sealed and stored in a cold room at
10 °C in a light-proof container. Six packets, i.e. 30 plantlets,
were removed from the cold room after 4, 8 and 12 days. The
plantlets were transferred to potting medium in 125-mm plastic
pots and acclimatized as described. Survival was determined
after 6 months.
2.9. Effect of planting conditions on the growth of regenerated
H. colchicifolia plants
Thirty plants, selected at random from among each of the 5-
month-old (Plant group ONE) and 21-month-old (Plant group
TWO) plants acclimatized as described, were measured and
their morphological characteristics recorded. Fifteen plants,
randomly selected from each age group, were then repotted into
300-mm plastic pots containing a potting medium of pre-
enriched compost:river sand (2:1, v/v) (Treatment 1). The plants
in pots were then placed in a shade-house under 10% shade and
watered regularly. The remaining 15 plants from each group
were transferred to a garden plot in the Botanic Garden, Univer-
sity of KwaZulu-Natal, Pietermaritzburg (altitude 762 m; 29°
37′ S, 30° 24′ E) (Treatment 2) to simulate growth under natural
conditions. The soil in the garden plot was of a shale/clay type
which was the same soil type as that in which H. colchicifolia
grows naturally (Appleton, 2004) and the same as that in which
H. hemerocallidea plants were shown to survive best
(McAlister and Van Staden, 1995). In contrast to the pot treat-
ment, the plants in the garden plot were only watered for the
first 6 months until established in order to emulate semi-natural
conditions thereafter. Flowering and leaf growth were monitored
at 4 to 6 month intervals. Corm growth was monitored regularlyfor the plants grown in pots, but the plants cultivated in the
open plot were only harvested after 28 months when final
measurements were recorded. At the final harvest, 5 corms
were selected at random from the 15 replicates of both treatments
for the Group TWO plants only and the mean corm fresh and dry
mass determined and percentage water loss calculated for each
group of corms.
3. Results and discussion
3.1. Determination of explant source
To obtain pathogen-free in vitro culture material, explants
should ideally be collected from disease-free mother plants.
This proved difficult to achieve for the H. colchicifolia mother
plants due to their large size and continued presence of endog-
enous pathogens. Surface decontamination of explant material
therefore remained a problem. The most successful decontami-
nation procedures examined for each explant examined and
which were subsequently used throughout this study are given
in Table 1.
Initially, only H. colchicifolia corms were evaluated as an
explant source because regeneration of plants through direct
organogenesis in vitro is preferable and had been achieved for
other Hypoxis species from corm explants (Appleton and Van
Staden, 1995a,b; Ndong et al., 2006; Page, 1984; Page and
Van Staden, 1984, 1986; Vinesi et al., 1990). These preliminary
attempts to obtain aseptic H. colchicifolia cultures using a stan-
dard stepwise in vitro protocol specifically developed for the
micropropagation ofHypoxis species were only partially success-
ful, however, due to the presence of endogenous pathogens in the
corms (Appleton and Van Staden, 1995a). On re-examination of
the procedures used for corm explants, as reported here, there was
no improvement during the incubation period as, after each
decontamination procedure attempted, between 80% and 100%
of the corm segments were lost to contamination or browning.
In even the most successful decontamination attempt, 94% of
the primary corm explants were discarded (Table 2). Of these,
80%were contaminated due to persistent internal pathogens iden-
tified as Bacillus and Cladosporium species, and 14% had turned
black and necrotic due to the toxic effects of phenolics and
browning.
Since only 6% of the incubated primary H. colchicifolia corm
explants ever remained pathogen-free in vitro, there was insuffi-
cient aseptic plant material available to conduct a factorial grid
trial. Media requirements were therefore determined by transfer-
ring the aseptic corm explants to initiation media on which
other Hypoxis species had proliferated (Appleton and Van
Staden, 1995a). After 18 weeks in culture, the explants on MS
medium supplemented with 1 mg l−1 BA:0.5 mg l−1 NAA had
produced meristemoids, shoots and roots (Fig. 1). Phenolics
caused the explants and surrounding media to turn brown but
the meristemoids and shoots were not affected. On transfer to
fresh medium of the same composition, however, malformed
hairy roots were produced spontaneously at the expense of
shoots. These roots were eliminated and a few shoots induced
by transferring the compact meristemoidal material onto
Table 2
The response of the different H. colchicifolia explants at different stages of in vitro culture.
Explant Incubation medium Explant
browning
(%)
Initiation medium Multiplication medium Corm and rooting
medium
BA:NAA
(mg l−1)
Contamination
(%)
BA:NAA
(mg l−1)
% with shoots
or callus
BA:NAA
(mg l−1)
% with shoots
or callus
BA:NAA
(mg l−1)
% with corms
or roots
Leaf, young 0:0 14 86 Grid 0 – – – –
Leaf, mature 0:0 20 80 Grid 0 – – – –
Inflorescence peduncle 0:0 10 90 Grid 0 – – – –
Flower bud 0:0 8 52 0:0
0.5:0
2:0
2:1
50 0.5:0
2:0
100
(Vitrified callus)
Direct shoots
0:0 100
Corm 0:0 80 14 1:0.5 6 2:0
1:0
97 0:0 100
Seeds a 1/2MS
1/2MS+sucrose
MS
MS+sucrose
67
79
63
88
a Incubation media for seeds contained either 1/2-strength MS medium (with or without sucrose), or full-strength MS medium with or without sucrose. Only one
seed germinated on 1/2-strength MS medium without sucrose.
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Ultimately, however, the cultures became hyperhydric and rooting
was totally inhibited by the toxic effects of browning (Fig. 1).A B
C D
Fig. 1. Response of H. colchicifolia corm explants to in vitro culture. (A) All
primary corm explants and media turned brown, inhibiting growth. Only 6% of
explants produced shoots and roots directly from meristemoids. Tube diame-
ter=25 mm. (B) Further growth and rooting were inhibited by browning. (C)Mul-
tiple shoots and cormlets were induced after benomyl wash treatment.
(D) Regenerated plantlets with roots in 250 ml glass jar.Similar results were experienced during the establishment of
in vitro cultures of Curculigo orchioides. Endogenous contami-
nants were a major problem when underground organs were
used as explants (Suri et al., 1999). Leaves were found to be the
most suitable explant material, however, not because the most
shoots were produced, but because they were more easily decon-
taminated and pathogen-free cultures were obtained. Pathogens
were also not totally eliminated from the alternative primary
H. colchicifolia explants examined, although levels of contami-
nation were greatly reduced to 14% and 20% for young and
mature leaf explants, respectively, 10% for inflorescence pedun-
cles and 8% for flower buds on incubation medium (Table 2).
Subsequently, all of the aseptic H. colchicifolia leaf and inflo-
rescence peduncle explants turned black and necrotic due to the
toxic effects of browning. Phenolic production and browning
were not controlled by adding anti-oxidants, PVP or charcoal to
the medium or by placing the cultures in the dark. In the grid trials
the decontaminated leaf and inflorescence peduncle explants also
showed no growth response regardless of the light regimes or
growth promoting supplements used (Table 2). For these reasons
their use as an explant source was not pursued. Although brow-
ning was not mentioned as being a problem, growth was also
not induced on H. hemerocallidea leaf and peduncle explants
in vitro (Page, 1984). It would appear, therefore, that the regener-
ation of plantlets from leaf explants is uncommon amongHypoxis
spp., but not among the Hypoxidaceae, as a method was devel-
oped to rapidly multiply C. orchioides plants in vitro through
direct organogenesis and bulbil formation from leaf explants
(Suri et al., 1999).
In view of the difficulties encountered in obtaining an aseptic
H. colchicifolia culture, seeds were placed on various incubation
media with or without sucrose in an attempt to obtain aseptic
seedlings from which an aseptic culture could theoretically be
initiated. Seeds were also difficult to decontaminate with 67%
and 63% contamination recorded for seeds placed on half- and
full-strength MS media without sucrose, respectively, compared
to 79% and 88% contamination of seeds on half- and full-
DA B C
E F
Fig. 2. Response of H. colchicifolia flower bud explants to in vitro culture.
(A–C) Indirect regeneration of plantlets via an intermediate callus phase.
(A) Callus with shoot primordia. Bar=0.75 mm. (B) Callus and multiple shoots.
(C) Rooted plantlets. (D–F) Direct regeneration from meristemoids. (D) Multiple
shoots, with browning evident. (E) Proliferating multiple shoots on multiplication
medium. (F) Initiation of corms and roots. Tube diameter=25 mm.
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After 13 weeks in culture only one seed had germinated on half-
strength medium without sugar. The seedling was used to initiate
a culture, but again this was unsuccessful due to browning. These
results clearly indicate, however, that the factors controlling seed
dormancy should first be determined for H. colchicifolia before
whole seed can be used in vitro.
The most successful decontamination procedures and initia-
tions for H. colchicifolia were achieved using young, unopened,
flower buds as explants. Although 92% of the bud explants
were successfully decontaminated, 52% of these subsequently
used in a factorial PGR grid trial turned brown and necrotic
due to phenolics. This further demonstrates the negative role of
browning in the establishment of H. colchicifolia cultures
(Table 2). Nevertheless, multiple shoots, callus and roots were
induced either directly via meristemoids or indirectly via an inter-
vening callus phase from 50% of the remaining bud explants
placed on various initiationmedia as outlined in Table 3 and illus-
trated in Fig. 2.
Although browning of the resultant cultures remained a prob-
lem this was partially controlled by routinely subculturing the
tissues at 4-week intervals onto media with the same composition
as the MS initiation medium. Subsequently, 100% of the cleaned
secondary explant material from flower buds produced shoots or
callus on transfer to multiplication medium (Table 2). Cultures
established directly via meristemoids proliferated on MS multi-
plication medium supplemented with 2 mg l−1 BA only, while
those produced indirectly via intermediate callus proliferated on
MS multiplication medium supplemented with 0.5 mg l−1 BA.
Corms and roots were then sequentially induced on MS medium
without PGRs (Fig. 2). Flower buds were also found to be a
good explant source from which to initiate cultures of H. hemer-
ocallidea with regenerated plantlets produced indirectly via a
callus phase (Page and Van Staden, 1986). In this study, how-
ever, regenerated H. colchicifolia plantlets from flower buds
were produced both indirectly via a callus phase and directly
via multiple shoots from compact meristemoids.
Corms and young flower buds were the most successful
explant sources from which in vitro cultures of H. colchicifolia
were eventually established in this study. The toxic effects of
endogenous pathogens, phenolics and browning on the estab-
lished cultures persisted, however, resulting in extensive losses
of plant material. Methods to control these were attempted with
varying results.Table 3
General response of H. colchicifolia flower bud explants to different cytokinin:
auxin combinations. A = Shoots, corms and roots via direct organogenesis. B =
Shoots, corms and roots via an indirect callus phase.
BA mg l−1
0 0.5 1 2
NAA mg l−1 0 A A and B – B
0.5 – – – –
1 – – – A3.2. Control of phenolics, browning and hyperhydricity
Charcoal was added to the MS medium in an attempt to
control phenolics and browning. This resulted in persistent
endogenous pathogens, identified as Bacillus and Cladosporium
species, spreading over the culture material and media with 100%
loss of all the H. colchicifolia plant material irrespective of
whether induced from corm or flower bud explants. Browning
was reduced, however, when anti-oxidants or benomyl was
added to the medium. Although this resulted in the plant material
becoming white and healthy, the results were difficult to quantify
as growth was inhibited by these additives. Eventually all the
treated plant material became hyperhydric.
The alternative and more successful procedure was that in
which plant tissue induced directly from compact meristemoids
was washed in a 0.2% benomyl solution and then flamed dry to
seal the cut surfaces and prevent leaching of phenolics into the
medium. This resulted in the initial control of fungal contamina-
tion followed by a reduction in the incidence of browning. Subse-
quently, the in vitro cultures proliferated and multiple shoots
(4.75 shoots cm−3 of explant) were produced on multiplication
MS medium containing 2 mg l−1 BA. Finally, corms and roots
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Fig. 4. The effect of PVP in MS media supplemented with 0 or 0.5 mg l−1 BA
on the increase in callus mass in H. colchicifolia callus cultures from flower
buds.
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in the continuous regeneration of plantlets as illustrated for corm
explants (Fig. 1).
Although the addition of PVP decreased callus growth with
increasing concentration, both browning and hyperhydricity
were reduced in the callus cultures on all the media tested, both
with and without BA, as shown for flower bud derived callus
(Figs. 3 and 4). Increasing the PVP concentration in the media
also induced the formation of more shoots and corms. The callus
cultures, however, ceased to proliferate if exposed to PVP-
supplemented medium over an extended period of time. The
most effective way to maintain productive callus cultures was
achieved thereafter by maintaining the callus on MS medium
supplemented with 0.5 mg l−1 BA and then transferring it when
required to a medium with PVP in order to control browning
and hyperhydricity or inducemultiple shoots. Subsequent subcul-
turing of the shoots onto MS media without PGRs resulted in the
induction of corms which were separated and rooted individually.
3.3. Acclimatization of regenerated plantlets
Using the procedure described above, regenerated plantlets
were able to be successfully acclimatized. Thus, survival of
regenerated plantlets increased from less than 10% (with no
acclimatization) to between 70% in winter and 98% in summer.
3.4. Direct marketing
For commercial purposes it is advantageous to supply plant-
lets regenerated in vitro directly to the purchaser prior to acclima-
tization. All the rooted H. colchicifolia plantlets survived cold
storage at 10 °C for up to 12 days prior to transplantation. After
6 months, 100% of the plantlets stored for 8 days had survived
acclimatization compared to 93.3% of the control plants and
86.6% of those stored for 4 days. Plants stored for 12 days had
the lowest survival of 76.6% (Table 4). These results clearlyFig. 3. The effect of different concentrations of PVP (0, 0.5, 1%) on browning and h
BA (blue lids) or without PGRs (grey lids). (A) 0% PVP: Callus on MS medium wi
and hyperhydricity are evident. (B) 0.5% PVP: and (C) 1% PVP: Browning, hyperh
tration on MS media both with BA and without PGRs but number of multiple shooindicated that the plantlets regenerated using the protocol devel-
oped for H. colchicifolia were sufficiently robust to survive
cold storage for at least 8 days before transfer to pots.
3.5. Effect of planting conditions on the growth of in vitro
regenerated H. colchicifolia plants
The growth and development of corms and leaves was more
rapid among the plants grown in pots (Treatment 1) than those
planted in the garden plot (Treatment 2) (Table 5). Similarly,
the plants in pots began to bloom much earlier at between 25
and 31 months after acclimatization, while only 17% of those
planted in the garden plot had bloomed after 49 months. The
corm measurements also showed that the corms of the plants
in pots had increased in size by approximately 40% more
than the corms of the plants in the garden plot after 28 months
in cultivation.
At the commencement of the trial, the 5-month-old plants had
shown no signs of becoming dormant during the first winter sea-
son and their leaves remained at an average length of 140 mm and
width of 4 to 6 mm throughout the first dormant period (Fig. 5A).yperhydricity of flower bud callus on MS media supplemented with 0.5 mg l−1
th BA has doubled compared to callus on medium without PGRs, but browning
ydricity and mass of callus have all been reduced with increased PVP concen-
ts has increased.
Table 4
Percentage survival (n=30), after 6 months, of rooted H. colchicifolia plants
regenerated in vitro and stored at 10 °C for 4, 8 or 12 days prior to
acclimatization procedures.
Treatment Temperature (°C) Storage time (days) % Survival
1 Control 25 0 93.3
2 10 4 86.6
3 10 8 100
4 10 12 76.6
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illustrated by the older 15-month-old plant (Fig. 5C). The 21-
month-old plants from Group TWO, however, had become
dormant during the winter season and their first leaves were just
emerging at the time of planting at the commencement of the
trial (Fig. 5B). The leaves produced annually thereafter increased
in length to 727 mm and 78 mm in width after 28 months in pots,
but the leaves of the plants in the garden plot only reached a
length and width of 380 mm and 64 mm, respectively. At the
time of harvest, 100% of the 49-month-old plants grown in pots
in Group TWO had flowered in either the previous or current
season. These plants also appeared morphologically more like
mature plants with broader leaves and larger corms, and their
fibrous roots were dying back to reveal the contractile roots
(Fig. 5D).
The effect of horticultural and cultivation practices, compared
to simulated natural conditions, on the promotion of corm growth
was clearly demonstrated at the final harvest. After 28 months in
cultivation, the average fresh and dry corm mass determined for
five 49-month-old plants from pots was 78 g and 29 g, respec-
tively, and for the plants from the garden plot only 29 g and
6 g, respectively. The percentage water loss for each group was
very similar at 80% and 79%, respectively, indicating that theTable 5
Measurements, recorded over a period of 28 months, of the corms and leaves of in
replicates) and a garden plot (Treatment 2, with 15 replicates). Each treatment was
group TWO) as the starting age. The same plants were sampled throughout. Flowerin
as the percentage in flower.
Age
(mths)
Month Treatment 1 (pots)
Corms Leaves Flow
Diameter
(mm)
Length
(mm)
Length
(mm)
Width
(mm)
Flow
(%)
Plant group ONE
5 Aug 13.7±2.1 14.1±1.4 141.4±20.3 4–6 0
15 July – – 321±132 – 0
17 Aug 25.5±7.1 29.5±5.5 Dormant Dormant Dor
25 April – – – – 93
33 Dec 43.1±4.8 41.5±4.3 595±62 62±16 54
Plant group TWO
21 Aug 17.3±4.1 15.6±3.8 45.8±27.9 – 0
31 July – – 489±61 – 47
33 Aug 37.1±6.8 36.2±5.8 Dormant Dormant Dor
41 April – – – – 100
49 Dec 53.7±4.3 43.7±5 727±74 78±69 93differences in corm mass were due to horticultural practices and
growth and not to water storage.
4. Conclusions
Although plantlet regeneration is difficult to achieve for some
corm-producing monocotyledons, a micropropagation system
suitable for the continuous regeneration of plantlets was devel-
oped for H. colchicifolia by introducing several distinct sequen-
tial aseptic steps and different media into the procedure. Corms
and unopened flower buds proved to be the most successful
explants from which multiple shoots were induced both directly
and indirectly via a callus phase. Methods to control persistent
pathogens, phenolics and browning were also developed and
implemented when required during regular subculturing. Particu-
lar attention was paid to producing robust plants able to withstand
cold storage and acclimatization. Plant survival increased from
10% to between 70% and 98% after implementing the procedures
outlined, and in order to maximize post-acclimatization growth,
plantlets should be grown in pots initially. Plant characteristics
recorded in the cultivation trial showed that after 49 months the
regenerated H. colchicifolia plants were morphologically similar
to, and had retained the growth pattern of, wild specimens. In
conclusion, therefore, the micropropagation protocols developed
can be used to mass produce H. colchicifolia plants for cultiva-
tion, not only as an alternate source of supply for the informal,
formal and industrial markets, but also as a conservation measure
to reduce the pressure of collection on natural plant populations.
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repeated using 5-month-old (Plant group ONE) and 21-month-old plants (Plant
g was recorded as the number of plants with a flowering peduncle and expressed
Treatment 2 (garden plot)
ers Corms Leaves Flowers
ering Diameter
(mm)
Length
(mm)
Length
(mm)
Width
(mm)
Flowering
(%)
13.0±2.2 14.0±2.1 137.7±20.6 4–6 0
– – 136±53 – 0
mant – – Dormant Dormant Dormant
– – – – 0
24.6±5.2 30.1±4.2 356±89 44±15 0
14.1±4.8 15.0±4.3 121.5 14.3 0
– – 254±69 – 0
mant – – Dormant Dormant Dormant
– – – – 0
34.1±7.0 35.3±5.1 380±148 64±20 17
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C D
Fig. 5. Plants used in the cultivation trial. (A) Five-month-old, and (B) 21-month-
old H. colchicifolia plants at the commencement of the trial. (C) A 15-month-old
plant showing the juvenile habit common to H. colchicifolia plants. (D) A 49-
month-old plant with first flowers at the time of harvest.
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